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ABSTRACT

This study is based on data from a state-wide assessment
that included both multiple-choice and constructed-response items. The intent
of the study was to see whether item types make a difference in gender
results. The items on both tests were categorized according to whether they
assessed procedural knowledge, concepts, problem solving, or mathematical
communication. Data came from Delaware, which in 1995 administered two tests
in mathematics to all public school students in grades 3, 5, 8, and 10. A
total of 29,809 students were tested on the Delaware "Interim Assessment,"” a
constructed-response test, and the Iowa Tests of Basic Skills (ITBS) (or the
ITBS Tests of Achievement and Proficiency Survey Battery in grade 10). On the
Interim Assessment in grade 3, the female mean raw score was higher, but at
all other grades, males outperformed females. On the ITBS, males scored
higher in grades 3 and 8, and there was no difference at grade 5 or 10,
although the male mean score was higher at every grade. Differences generated
by the broad and narrow interpretations of problem solving show some gender
differences that might not have been apparent otherwise. Overall, males
outperformed females on problem solving at grades 8 and 10. Results in some
ways contradict the more hopeful conclusions of other studies that have shown
the gender gap to be narrowing, though they do affirm some results of a study
that showed males stronger in problem solving in the high school years.
Results suggest that, while the gap is narrowing on traditional multiple
choice tests, it is still present on more complex items that require students
to construct their own responses and communicate their thinking. It is
especially disturbing to see that the gap increases with grade level, which
is in keeping with other studies showing females falling behind in
adolescence. An appendix contains the item characterization protocol of the

1995 Delaware Mathematics Assessment. (Contains 6 tables and 16 references.)
(SLD)



ED 420 721

™

<

<

o0
N

Q
=
-

.'-\. N ; N i ——
% . PERMISSION TO REPRODUCE AND U.S. DEPARTMENT OF EDUCATION

1 and Improvement

e to

. Offi f Educational Researc
DISSEM} LEEN GRANTED BY EDUI(CDGA%IONAL RESOURCES INFORMATION
HAS BEEN GRANTED BY m/ “resouRces| o
{ \ ) This document has been repro o o
L\ ' received from the person or organ
m' \VD \ \ % 0(\ | originating it.

O Minor changes have been _mad
improve reproduction quality.

-
TO THE EDUCATIONAL RESOURCES !  Pos ot view ot opinions slated in this

l ’ t do not necessarily represent
o e " gZ?;::%‘ER? position of policy.

A Cognitive Analysis of Gender Differences
on Constructed-Response and Multiple-Choice Assessments in Mathematics

Linda Dager Wilson
University of Delaware

Liru Zhang
Delaware Department of Education

Interest in gender differences in mathematics achievement remains high, after more than
thirty years of research. There seems to be some evidence that the wide gender gap that favored
males has been narrowing (see following discussion). At tﬁe same time, more varied forms of
large-scale assessment, in conjunction with more sophisticated psychometrics, give us new
evidence that gender differences in mathematics achievement may be more complex than the
results from multiple-choice tests indicate. The introduction of different item types, such as
student constructed-response items, makes it possible to ask new questions about gender
differences, and to probe more deeply into differences that may or may not exist within different
cognitive constructs in mathematics.

This study is based on data from a state-wide assessment that included both multiple-
choice and constructed-response items. The results from this assessment, given in grades 3, 5, 8
and 10, gave us the opportunity to look at gender differences within two different item types and
to compare the results. The intent of the study was see whether new item types make a
difference in gender results, and also to use both item types to analyze gender differences on
several constructs that were assessed with both types of items. We examined results from the
multiple-choice test and also from the constructed-response test, then compared those results.

We categorized the items on both tests according to whether they assessed procedural
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knowledge, concepts, problem solving, or mathematical communication, and analyzed the
results on each of the two tests.

What do we know about gender-related differences on large-scalg assessments in
mathematics? Three different meta-analyses show the progression in results over approximately
thirty years. Maccoby & Jacklin (1974), aftér analyzing results from studies in the 1960s
through the early 1970s, announced that “boys excel in mathematics ability” (p. 352). Yet,
twenty-five years later, Friedman (1989) found the average gender difference to be very small,
and concluded that differences in performance were decreasing over the years. Hyde, Fennema
& Lamon (1990) also concluded that gender differences are small. They did find that girls
showed slight superiority in computation in elementary and middle school, but boys
outperformed girls in problem solving during the high school years.. These two meta-anaiyses,
analyzing a total of 174 studies, would seem to show that whatever gender-related differences
were apparent in 1974 had all but disappeared by 1990.

These findings have been verified by more recent studies. Fan et al (1997) found no
gender difference in total group means on the data from the National Education Longitudinal
Study of 1988. However, at the high end of the distribution, they found differences favoring
males, especially between grades 8 and 12. Tate (1997), analyzing the results of a variety of
studies, concluded that there were no significant gender differences on items measuring basic
skills. The exception was on the trend data from the National Assessment of Educational
Progress, on which 17-year-old males scored higher. When differences do exist, they seem to

emerge in secondary school and favor males.



Though all of these studies seem to concur that females have “caught up with” males in
| mathematicsAachievement in elementary and middle grades, and that males are still

outperforming females at higher grades, we need to take another look at those results. All of the
studies mentioned above were based on data from some form of standardized achievement tests,
and all the item types were multiple-choice in nature. Many large-scale assessments in
mathematics have expanded the types of items they include. For example, the National
Assessment of Educational Progress (1995) now includes in its design mathematics items that
require students to construct their own responses, in both a short form, such as a number,
drawing, or short explanation or a long form, such as a lengthy explanation. As Archbald &
Newmann (1988) and others (e.g., Romberg et al, 1990) have argued, multiple-éhoice items are
limited in the kinds of cognitive levels they can adequately assess. Other forms of student-
constructed response items, such as open-ended or performance items, are better suited to the
assessment of higher-order thinking, such as problem solving. With the advent of these
alternative types of items on large-scale mathematics assessment, more research is needed into
gender-related differences.

As mentioned above, the 1992 National Assessment of Educational Progress
mathematics assessment (grades 4, 8 and 10) contained three types of items: multiple-choice,
short constructed-response, and extended constructed-response. In an analysis of the results,
Silver et al (1997) concluded that “performance differences between males and females are
disappearing” (p. 57) and that there was “little or no difference between males and females on

any item type at any grade level, except for a slight advantage for females on extended



constructed-response tasks at grade 8" (p. 45). In overall performance, males performed slightly
better at grades 4 and 12, and females at grade 8. Also, the percent of males and females
classified at or above the Proficient achievement level was similar for all groups. Dossey et al
(1993) also analyzed the results of the 1992 NAEP with respect to item types in mathematics.
Looking at the percentages of those students ﬁationally who scored at the satisfactory level or
better (for the constructed-response items) and at the average percent correct (for multiple-
choice items), they concluded that males performed slightly higher at grade 12 on multiple-
choice items and also at grade 4 on short constructed-response items, while females performed
slightly higher for grade 8 on the extended constructed-response items. All other results were
not significantly different. While the differences were small, there did seem to be a difference in
results from one item type to another.

A study of gender differences as it relates to item types in science assessment (Klein et
al, 1997) compared results from performance assessments with traditional multiple-choice tests.
Item type seemed to have little effect on gendér differences in scores. They did find, however,
that while girls had hibgher overall means on the performance measures, boys tended to score
higher than girls on certain types of questions within a performance task. Specifically, girls
tended to do better on questions that required making the correct interpretation of the observed
results of the experiment, whereas boys did better on questions that involved making predictions.

Under the assumption that results from more than one item type can provide more robust
evidence for the existence or non-existence of gender differences within different mathematical

processes, this study combines results from both multiple-choice and constructed-response



items. We chose to focus on the three mathematical processes, or ways of thinking, that are
described in the NAEP framework: procedural skills, conceptual understanding, and problem
solving. In addition, we looked at results for those items that required that students
communicate their mathematical ideas.
Methods

This study analyzes data from the state of Delaware, which in 1995 administered two
tests in mathematics to all public school students in grades 3, 5, 8, and 10. A total of 29,809
students were tested. The first test, termed the “Interim Assessment,” was comprised entirely of
student constructed-response items. Each grade level test had between 10 and 15 items, all
situated within a single “real-world” context, and concentrating on oné major mathematical
domain (such as number or measurement). These tests were scored by trained scorers. Students
in grades 3, 5, and 8 also took the Iowa Test of Basic Skills (ITBS) Survey Battery (Hoover et al,
1993), while students in grade 10 took the ITBS Tests of Achievement and Proficiency Survey
Battery (Scannell et al, 1993). Both were norm-referenced, machine-scored, and composed
entirely of multiple-choice items. These tests were used for Title I assessment and linking
purposes only and were administered on a different day than the Interim Assessment. Scores for
the Interim Assessment were reported on the individual, school, d1:strict, and state levels.

For this study each item from both sets of tests was categorized into one of three
categories: Procedural, Conceptual, and Problem Solving. (See Appendix A for complete item
categorfzation protocol.) In brief, procedural items were defined to be those that demand routine

computation or the application of a routine procedure; they may have multiple steps.

D]



Conceptual items were seen as those whose primary focus is on understanding a concept; they
may require explaining a concept, or they could require the application of a concept in a limited
way. Problem Solving items were those that demand that a student combine concepts or apply
them in a new way to a novel situation; they require that students devise a plan or strategy and
carry it out to reach a solution.

Each constructed-response item was categorized a second time, according to whether or
not the item demands communication (through analysis of the multiple-choice items we
determined that none assessed communication). In these items, the focus is on clarity,
completeness, and mathematical accuracy of an explanation, argument, conjecture, etc; the
scoring rubric takes into account the communication of mathematical ideas, whether it be
through explaining an answer, showing work, drawing a graph, making a table, drawing a
picture, writing an equation, or making an argument.

The intent was to identify categories that could be used across all four grade levels, and
would be inclusive of all pertinent mathematical domains. Thus we chose the process, or
mathematical thinking categories, rather than content categories, such as whole number
operations, as such a scheme would not incorporate all grade levels.

Characterizing the items according to whether or not they assess communication was
done for two reasons. First, constructed-response items are more likely to assess communication
than more traditional types of items. Examining results from items that assess communication
allows an opportunity to analyze whether there are gender differences for this critical aspect of

mathematics (NCTM, 1989). In addition, language arts-related skills have often been seen as a



particularly female strength, so items that assess these skills would be of particular interest in a
study of gender differences.

As with all categorization schemes, it is not always possible to reach agreement on what
each of these categories mean, nor to fit each item neatly into only one category (Silver, Kenney,
& Salmon-Cox, 1992). The attempt was to identify the primary category that seemed to be
elicited by each item. The items were categorized by three independent raters. On the second
categorization, for those items that assess communication, there was unanimous agreement.
However, when the raters categorized the items according to the other cognitive areas of
procedures, concepts, and problem solving, it became clear that there were disagreements as to
what constitutes problem solving. Two of the raters tended to take a narrow view of problem
solving, reserving that category for those items that were deemed to be novel or non-routine in
nature for that grade level. The third rater took a broader view of the kinds of situations that
might be considered novel or non-routine. An example from a (hypothetical) third grade item

illustrates this:

Joe has 82 red marbles and 69 blue marbles. About how many more red marbles does

Joe have than blue marbles?

A. 10
B. 20
C. 25
D. 30



Under the narrow interpretation of problem solving, this item was seen as primarily procedural.
The judgment was that mést third graders would solve this problem by using a standard rounding
procedure, either rounding 82 and 69 to 80 and 70, and then subtracting, or subtracting 69 from
82 and then rounding the result. Under a broader interpretation, the item was seen as requiring
several steps and demanding that students make sense of a contextual situation.

Since there seemed to be no resolution to these different interpretations, we decided to
analyze the results both ways. Thus, items classified under a narrower interpretation of problem
solving were analyzed for gender differences, and then those same items were analyzed again
under a broader classification. By including both results, we reasoned, we can learn more about
any gender differences that occur, and what those might indicate for the assessment of problem
solving.

Means and standard deviations were compared for male and female students by grade,
test (or item type), and cognitive category of test items. A two-tailed t-test was used to
determine the significant mean differences between gender groups on different item types (e.g.,
multiple-choice from the ITBS and constructed-response from the Interim Assessment) and
within different cognitive categories in mathematics.

Results

The results are given here with reference to the research questions.

1. Are there overall gender differences on ITBS or the Interim Assessment at each grade

level?



Insert Tables 1 and 2 about here

. On the Interim Assessment (all student constructed-response items) for grade 3, the
female meanraw score was higher (by .09), but the difference was not significant. At all three
other grade levels, males outperformed females. The meanraw score difference was .391 at
grade 5, 1.277 at grade 8, and .931 at grade 10. Converted to scale scores, the greatest mean
difference occurred at grade 8. |

On the ITBS (all multiple-choice items), males scored higher in grades 3 and 8, and there
was no difference at grade 5 or 10. At every grade, the male mean score was higher. The
greatest difference (converted to scale scores) occurred at grade 8.

2. For each test, are there gender differences within different cognitive categories?

Insert Tables 3 and 4 about here

In general, there was little difference in results on the Interim Assessment from the two
categorization schemes (the broad and narrow interpretations of problem solving). Results for
both interpretations of problem solving were the same, with the exception of grade 8. Here the
broad interpretation of problem solving did not have sufficient items in the procedural or
conceptual categories to allow for reliable statistical analysis. Males did score significantly

higher on the problem solving items at grade 8. The narrow interpretation, which did yield
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sufficient data points in all categories, showed that males were significantly higher on
procedural, conceptual, and problem solving items at grade 8. Females scored significantly
higher on procedural constructed-response items at grade 3, but then males scored significantly

higher on all process categories in grade 8, and on problem solving items at grade 10.

Insert Tables 5 and 6 about here

On the ITBS at grade 3, when multiple-step, routine problems are considered problem
solving (the broad interpretation), males outperformed females at the .01 level. When those
items are categorized as either procedural or conceptual (under the narrow view), males are
stronger in those categories (.05 level for procedural and .01 level for conceptual). Those types
of items seem to be the ones making the difference between male and female results at grades 3.
At grade 5, males performed better on the conceptual multiple-choice items, while females
performed slightly better in problem solving, but only under a broad view. At grade 8, males
scored higher on conceptual and problem solving items, as well as on procedural items when
these included routine multiple-step problems. At grade 10, males scored higher on basic
procedural items and slightly higher on non-routine problem solving items.

3. Are there gender differences on Interim Assessment items that require mathematical
communication?

The male raw mean score was higher at every grade level on the communication items.

The difference was not significant at grades 3 or 5, but at grades 8 and 10 the males
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outperformed the females at the .01 level (see Tables 3 or 4).
Discussion

The differences generated by the two interpretations of problem solving seem to point to
some gender differences that might not have been apparent otherwise. Overall, males
outperformed females on problefn solving at grades 8 and 10. The results from the two different
interpretations of problem solving would seem to indicate that, at those grade levels, males also
scored higher on problems that might be considered more routine in nature, or on procedural
items that are more complex and require multiple steps. At grade 5, however, females had a
higher mean score on the Interim Assessment problem solving items (under either
interpretation). Generally, the male dominance is most pronounced on nonroutine problem
solving at grades 8 and 10.

There is an interesting phenomenon when the procedural items are analyzed across grade
levels. At grade 3, females did better, both on the constructed-response items and on the
multiple-choice items that assessed procedural knowledge. At grade 5 there were no
differences. But By grade 8 males outperform on procedural items, both the constructed-
response and the multiple-choice, and that difference continues at grade 10 for the multiple-
choice items.

The conceptual items showed males stronger on those that were multiple-choice at grade
3 and 5, and males also higher on both kinds of items at grade 8. At grade 10 there were
insufficient items on the Interim Assessment, and no significant difference on the multiple-

choice conceptual items.
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Conclusions

The results in some ways contradict the more hopeful conclusions of other studies that
have shown the gender gap to be narrowing, though they do affirm some of the results of the
Hyde et al study that showed males stronger in problem solving at the high school years. The
results suggest that, while the gap may be narrowing on traditional multiple choice tests, it is
still present on more complex items that require students to construct their own responses and to
communicate their thinking. It is especially disturbing to see that the gap increases with grade

level, which is in keeping with earlier studies showing females falling behind in adolescence.
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Table 1

Results from Interim Assessment (constructed-response items)

Grade 3 ' 5 8 10
n 7906 7713 7884 6306
Number of items 14 11 15 12
Total points possible 28 30 29 27
Mean raw score (SD) 16.193 10.269 13.215 11.332
(6.235) (6.674) (7.577) (6.704)
Male n 4035 3889 3974 3095
Mean raw score (SD) 16.148 10.463** 13.848** 11.806**
(6.308) (6.819) (7.713) (6.980)
Female n 3871 3824 3910 3211
Mean raw score (SD) 16.239 10.072 12.571 10.875
(6.158) (6.518) (7.382) (6.395)
*p<.05
**p<.01
__insufficient data




Table 2

Resuits from ITBS (Multiple-Choice Items)

Grade 3 5 8 10
n 7913 7734 7684 6204
Number of 30 35 45 36
items
Total possible 30 35 45 36
points
Mean raw 19.38 20.90 21.95 17.16
score (SD) (6.01) (6.64) (7.27) (6.85)
Male n 4059 3945 3877 3075
Mean raw 19.55%* 20.97 22.27%* 17.33*
score (SD) (6.17) (6.79) (7.52) (7.29)
Female n 3854 3789 3807 3129
Mean raw 19.21 20.83 21.62 16.99
score (SD) (5.84) (6.48) (6.99) (6.38)
*p<.05
**p<.01




Table 3
Constructed-Response Results for Cognitive Categories:
Broad Interpretation of Problem Solving

Grade 3 5 8 10
Mean # Mean # Mean # Mean #
(SD) items (SD) items (SD) items (SD) ite
m
)
Total 5.255 3 5.268 4 _ 1 . 0
Procedural (1.303) (2.761)
Conceptual 8.288 9 _ 1 _ 1 _ 0
(4.845)
Problem Solving . 2 437 6 11.150 13 11.332 12
(.590) (7.208) (6.704)
Communication 6.746 6 5.845 7 7.180 7 8.258 8
(4.005) (4.319) (4.784) (5.570)
Male 5.216 5.289 L .
Procedural (1.351) (2.793)
Conceptual 8.245 . . .
(4.874)
Problem Solving _ .405 11.804** 11.806**
(.572) (7.312) (6.98)
Communication 6.694 5.927 7.513%* 8.669**
(4.011) (4.442) (4.914) (5.799)
Female 5.2906** 5.248 _ _
Procedural (1.250) (2.729)
Conceptual 8.331 . _ .
(4.815)
Problem Solving _ 470 10.485 10.875
(.606) (7.039) (6.395)
Communication 6.799 5.763 6.841 7.861
(3.999) (4.191) (4.623) (5.310)
**p<.01

__ insufficient data
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Table 4
Constructed-Response Results for Cognitive Categories:
Narrow Interpretation of Problem Solving

Grade' 8 10
Mean # Mean #
(SD) items (SD) items
Total 4.605 6 . 1
Procedural (2.769)
Conceptual 3.014 3 . 0
(2.038)
Problem Solving 5.595 6 10.878 11
(3.637) (6.304)
Communication 7.180 7 8.258 8
(4.784) (5.570)
Male 4.844** .
Procedural (2.783)
Conceptual 3.133** .
(2.099)
Problem Solving 5.871%* 11.346**
(3.679) (6.658)
Communication 7.513** 8.689**
(4.914) (5.799)
Female 4.362 .
Procedural (2.734)
Conceptual 2.893 .
(1.968)
Problem Solving 5.315 10.427
: (3.572) (6.098)
Communication 6.841 7.861
(4.623) (5.310)

! Grades 3 and 5 are identical to Table 6; **p<.01; __insufficient data




Table 5

Multiple-Choice Results for Cognitive Categories:
Broad Interpretation of Problem Solving

Grade 3 5 8 10
mean # mean # mean # mean #
(SD) items (SD) items | (SD) items | (SD) items

Total 4.12 6 14.52 23 3.28 5 4.99 12
Procedural (1.46) (4.61) (1.11) (2.48)
Conceptual 7.89 11 3.44 6 8.15 16 4.13 9

(2.23) (1.58) (2.94) (2.10)
Problem Solving | 7.38 13 2.94 6 10.52 24 8.04 15
(3.20) (1.38) (4.25) (3.24)

Male 4.10 14.55 3.27 5.09**
Procedural (1.49) 4.72) (1.14) (2.57)
Conceptual 7.92 3.51** 8.23* 4.14

(2.29) (1.59) (3.07) (2.19)
Problem Solving 7.53%* 291 10.77** 8.10
(3.24) (1.39) (4.32) (3.44)
Female 4.13 14.49 3.28 4.89
Procedural (1.42) (4.49) (1.09) (2.37)
Conceptual 7.86 3.36 8.07 4.11
(2.16) (1.57) (2.81) (2.00)
Problem Solving 7.22 2.98* 10.27 7.99
(3.15) (1.36 (4.17) (3.03)
*p<.05
*¥p<.01
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Table 6
Multiple-Choice Results for Cognitive Categories:
Narrow Interpretation of Problem Solving

Grade 3 5 8 10
mean # mean # mean # mean #
(SD) | items | (SD) | items | (SD) | items | (SD) | items

Total 12.08 19 4.65 7 15.25 29 10.14 21
Procedural 4.17) (1.62) (4.97) (4.19)
Conceptual 5.52 8 7.80 14 3.58 7 3.81 8

(1.67) (3.07) (1.59) (1.86)
Problem Solving { 1.79 3 8.46 14 2.66 8 3.40 7
(.95) (2.89) (1.72) (1.79)

Male 12.18* 4.65 15.43%* 10.26*
Procedural (4.26 (1.64) (5.12) (4.42)
Conceptual 5.57** 7.90%* 3.65%* 3.78

(1.70) (3.13) (1.65) (1.96)
Problem Solving 1.81 8.42 2.75%* 3.45%
(.96) (2.92) (1.75) (1.85)
Female 11.98 4.65 15.06 10.02
Procedural (4.08) (1.60) (4.80) (3.96)
Conceptual 5.47 769 3.52 3.83
(1.62) (3.01) (1.53) (1.76)
Problem Solving 1.76 8.49 2.57 3.35
(.93) (2.85) (1.69) (1.73)
*p<.05
**p<.01
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Appendix A

Item Characterization Protocol
1995 Delaware Mathematics Assessment

Mathematical Thinking and Processes

Each item will be categorized into one of three mutually exclusive categories: Procedural,
Conceptual, and Problem Solving, using the following definitions.

PROCEDURAL

Demands routine computation or the application of a routine procedure; may have multiple
steps. Students demonstrate knowledge when they select and apply appropriate procedures, or
extend or modify procedures. Procedural knowledge includes the various numerical algorithms.
It also encompasses the abilities to read and produce graphs and tables, execute geometric
constructions, and perform noncomputational skills such as rounding and ordering. These latter
activities can be differentiated from conceptual understanding by the task context or presumed
student background--that is, an assumption that the student has the conceptual understanding of
a representation and can apply it as a tool to create a product or to achieve a numerical result. In
these settings, the assessment question is how well the student executed a procedure or how well
the student selected the appropriate procedure to effect a given task.

CONCEPTUAL

The primary focus of the item is on understanding a concept; may require explaining a concept,
or could require the application of the concept in a limited way. Students demonstrate
conceptual understanding when they provide evidence that they can recognize, label, and
generate examples and nonexamples of concepts; use and interrelate models, diagrams,
manipulatives, and varied representations of concepts; identify and apply principles (i.e., valid
statements generalizing relationships among concepts in conditional form); know and apply
facts and definitions; compare, contrast, and integrate related concepts and principles to extend
the nature of concepts and principles; recognize, interpret, and apply the signs, symbols, and
terms used to represent concepts; or interpret the assumptions and relations involving concepts
in mathematical settings. Conceptual understanding reflects a student’s ability to reason in
settings involving the careful application of concept definitions, relations, or representations of
either. Such an ability is reflected by student performance that indicates the production of
examples, common or unique representation, or communication indicating the ability to
manipulate central ideas about the understanding of a concept in a variety of ways.

PROBLEM SOLVING

Item demands that student combines concepts or applies them in a new way to a novel situation.
In problem solving, students are required to use their accumulated knowledge of mathematics in
new situations. Problem solving requires students to recognize and formulate problems;
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determine the sufficiency and consistency of data; use strategies, data, models, and relevant
mathematics; generate, extend, and modify procedures; use reasoning (i.e., spatial, inductive,
deductive, statistical, or proportional) in new settings; and judge the reasonableness and
correctness of solutions. Problem solving situations require students to connect all of their
mathematical knowledge of concepts, procedures, reasoning, and
communication/representational skills in confronting new situations.

COMMUNICATION

Each item will be categorized a second time, according to whether or not the item demands
communication, using the definition below:

COMMUNICATION

The item requires that students display their mathematical thinking, make a proof give an
argument, write out the steps of a process, or make a graph, table, drawing, or construction to
explain an answer. The focus is on clarity, completeness, and mathematical accuracy of an
explanation, argument, conjecture, etc. Scoring rubric should take into account the
communication of mathematical ideas, whether it be through explaining an answer, showing
work, drawing a graph, making a table, drawing a picture, writing an equation, or making an
argument.
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